Background-Coronary artery disease (CAD) diagnosis by coronary computed tomographic angiography (CCTA) is useful for identification of symptomatic diabetic individuals at heightened risk for death. Whether CCTA-detected CAD enables improved risk assessment of asymptomatic diabetic individuals beyond clinical risk factors and coronary artery calcium scoring (CACS) remains unexplored.
Introduction
The prevalence of diabetes mellitus is rapidly increasing worldwide, with a projected prevalence of more than 350 million individuals by 2030 [1] . While diabetics have been traditionally considered a coronary heart disease (CHD) equivalent [2] , studies using coronary artery calcium scoring (CACS) have observed a high percentage of diabetic individuals to possess no coronary calcium, a finding associated with low future cardiovascular risk. These studies of CACS have also shown that this test augments prediction of CHD risk in asymptomatic diabetic individuals beyond consideration nondiabetes CHD risk factors. As an example, a high proportion of diabetics have a CAC score of 0, which is associated with an excellent prognosis. In contrast, for every increasing non-zero category of CACS, the risk is higher for a diabetic than a non-diabetic patient. Thus, current professional societal guidelines endorse the use of diagnostic testing for selected asymptomatic individuals by means of stress testing [3, 4] or coronary artery calcium scoring (CACS) [5] .
Coronary computed tomographic angiography (CCTA) is a non-invasive test that demonstrates high diagnostic performance for the detection and exclusion of any atherosclerosis as well as anatomically obstructive CAD [6] [7] [8] [9] . In the general population of asymptomatic patients undergoing CCTA scanning, CCTA findings have not shown more effective risk stratification than CACS. However, whether CCTA represents a more effective method for risk assessment than CACS in selected higher risk asymptomatic patients -such as those with diabetes -is unknown.
From a consecutive cohort of individuals within a large prospective international multicenter observational cohort study, we evaluated whether CAD identified by CCTA would offer incremental risk assessment over CHD risk factors and CACS for asymptomatic diabetic individuals.
Methods
The CONFIRM (COronary CT Angiography EvaluatioN For Clinical Outcomes: An InteRnational Multicenter) registry is an open-label, international, multicenter observational dynamic registry designed to evaluate associations between patient characteristics, CCTA findings, and incident adverse clinical events. A total of 27,125 patients who underwent CCTA at 12 centers in 6 countries (United States, Canada, Germany, Switzerland, Italy, and South Korea) were enrolled into the registry between February 2003 and December 2009. Details of the registry and data collection have been previously been published [10] . For the present study, sites with data on all-cause mortality, non-fatal myocardial infarction, and late target vessel revascularization (REV) were included, resulting in a total of 17,218 patients. From this cohort, we identified 400 patients with an established diagnosis of diabetes; who were asymptomatic; and had no history of obstructive CAD, coronary revascularization, or myocardial infarction. All patients had a CACS performed as a routine part of the CCTA examination. Diabetes was defined by established guidelines [11] and included a known history of diabetes or the use of diabetic medications. All sites had approval of their respective institutional review boards, and were compliant with the Health Insurance Portability and Accountability Act where applicable.
Data acquisition and image analysis
All CCTA performance, data acquisition, image post-processing, and interpretation in the study cohort were consistent with site-specific policies and Society of Cardiovascular Computed Tomography guidelines [12] . All CCTA studies were performed using a scanner with at least 64 detector rows, and interpreted using a 16-segment coronary vascular model.
In each coronary artery, coronary atherosclerosis was defined as any tissue structures ≥1 mm 2 in size within or adjacent to the coronary artery lumen that could be discriminated from surrounding pericardial tissue, epicardial fat, or the vessel lumen itself. The luminal stenosis Min 
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Author Manuscript of coronary atherosclerotic lesions was determined by visual estimation in accordance with guidelines [12] . Maximal stenosis severity was categorized into a 4-point scale, defined as no CAD (no plaque), mild CAD (maximal stenosis 1-49%), moderate CAD (maximal stenosis 50-69%), and severe CAD (≥70% stenosis). CAD was also assessed by the number of major epicardial vessels with obstructive (≥50% stenosis) CAD, with obstructive left main artery disease considered 3-vessel CAD; and the segment stenosis score, which measures the extent and severity of plaque by assigning each of 16 segments a score of 0-3 for absent to severe stenosis up to a maximum score of 48 [13] .
Patient follow-up
Patient outcomes were determined at each institution using a dedicated physician and/or research nurse by direct interview, telephone contact, and/or review of medical records using a standardized questionnaire, as we have previously described [10] . In the United States, all-cause mortality was additionally assessed by query of the Social Security Death Index.
Statistical analysis
Our primary endpoint was major adverse cardiovascular events (MACE), as defined by a composite of all-cause mortality, non-fatal myocardial infarction, or late REV. We also examined a secondary endpoint of all-cause mortality and non-fatal myocardial infarction alone. We conducted univariate and multivariate Cox regression models for risk of MACE based on CHD risk factors (increased age per 10 years, male gender, hypertension, hyperlipidemia, and current tobacco smoking) as well as CACS and the presence of obstructive (≥50% stenosis) CAD. CACS was converted to its natural log [ln(CACS + 1)] due to its non-parametric distribution, as has previously been performed [14] . Kaplan-Meier curves were compared using the log-rank test.
To determine the incremental prognostic value of CCTA findings compared to CHD risk factors and CACS, we compared several models that assessed independent relationships between the variables and MACE using Cox regression. Only variables with a univariate p < 0.10 were added to the final multivariate models to prevent model over-fitting, with the exception of gender, which was forced into models, given the clinical role of gender differences in the prevalence, management and incidence of adverse events related to CAD [10, 15] .
Model A considered CAD risk factors alone, Model B added CACS, and Models C-E added maximal stenosis grade, the number of obstructive vessels, and the segment stenosis scores, respectively. Model B was compared to Model A as a baseline; Models C-E were compared to Model B as a baseline. The Harrell's C-index was determined for each model.
As established categories do not exist for expected rates of incident MACE in the study population, patient reclassification was assessed using the integrated discrimination improvement (IDI) index [16] . The IDI index was calculated for each model, as well as stratified by CACS. All analyses were performed using SAS 9.2 (www.sas.com, Cary, NC) and SPSS 19.0 (www.spss.com, Somers, NY). A p < 0.05 was considered statistically significant.
Results

Patient characteristics
Baseline patient characteristics and CT characteristics are provided in Table 1 . During the mean follow-up of 2.4 ± 1.1 years, there were a total of 33 MACE events (13 deaths, 8 MI's, and 12 REV). The mean CACS was 226.2 ± 492.1, and the distribution of CACS by category is provided in Table 1 . Amongst patients with a CACS of 0, no atherosclerosis was observed in 68.1% of patients, with non-obstructive and obstructive CAD noted in 21.5% and 10.5% of individuals, respectively. In the 64.0% of patients with CACS >0, obstructive CAD was present in 15.6%, 19.1%, 38.4%, and 64.3%, of those with a CACS of 1-10, 11-100, 101-400, and 400, respectively.
Risk prediction, discrimination and reclassification-In univariable
analysis, older age, higher CACS, and CAD findings by CCTA were associated with a greater risk of adverse events ( Table 2 ). A positive relationship was noted between the number of vessels with obstructive CAD and risk of MACE ( Fig. 1a ) as well as for the secondary endpoint of all-cause mortality and non-fatal myocardial infarction ( Fig. 1b) .
Results of the multivariable analyses are shown in Table 3 . Model A considered CHD risk factors alone, while Model B added CACS, which demonstrated improved risk stratification by CACS that mitigated the risk predictive ability of CHD risk factors. After adjustment for CHD risk factors and CACS, CCTA findings by maximal stenosis severity grade (Model C), the number of vessels with obstructive CAD (Model D), and the segment stenosis score (Model E) were each independently and positively associated with adverse events. From these models, number of vessels with obstructive CAD by CCTA provided the strongest relationship between incident MACE and CCTA findings of CAD.
Higher predictive accuracy was observed (Table 4 ) when adding CACS results to CAD risk factors (Model B vs. Model A), with further improvement by the addition of CCTA findings (Models C-E). As compared to Model B (C-index 0.64), CCTA offered improved discrimination in Model D, E and F (C-index 0.77, 0.77 and 0.78, respectively). Further, the addition of CACS in Model B was associated with significantly improved risk reclassification as measured by the IDI index over Model A. When CCTA findings were also added, both maximal stenosis severity (Model C) and the number of vessels with obstructive CAD (Model D) were associated with a significant improvement in reclassification over risk factors and CACS alone, with the latter associated with the most greatest improvement in IDI. This improvement in IDI for Model D (vs. Model B) was observed both in patients with a normal CACS and a CACS >100, but not in those with a score of 1-100 ( Fig. 2) . In comparison to Model B, the probability of Models C-E to correctly increase the predicted probability of an event was larger than the probability to correctly decrease the predicted probability of an event (difference in mean probability to predict events and to predict non-events, respectively: Model C = 0.026 and −0.002; Model D = 0.057 and −0.005; Model E = 0.031 and −0.003). The findings of the C-index and IDI 
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Exploratory secondary analyses-
We also examined whether CCTA findings were independently associated with a composite endpoint of all-cause mortality and nonfatal myocardial infarction beyond CHD risk factors and CACS. In these analyses, maximal stenosis severity (HR 1.96 per grade, 95% CI 1.31-2.93, p = 0.001), the number of vessels with obstructive CAD (HR 2.10 per vessel, 95% CI 1.47-2.98, p < 0.001), and the segment stenosis score (HR 1.14 per score, 95% CI 1.08-1.21, p < 0.001) were each independently and positively associated with increased risk of events.
Discussion
In this prospective multicenter observational cohort study, we observed that CCTA findings of CAD extent and severity offer incremental and independent prognostic risk estimates beyond CHD risk factors and CACS for the prediction of MACE in asymptomatic diabetic individuals without a history of CAD. CCTA findings were predictive of increased risk for a composite endpoint of death, non-fatal myocardial infarction and late REV; and also for a composite endpoint inclusive of only death and non-fatal myocardial infarction. Importantly, CCTA findings of CAD extent and severity were additive to models containing CAD risk factors and CACS, and further improved model discrimination and risk reclassification.
Notably, the number of vessels with obstructive CAD appeared to provide the most robust additive improvement in the predictive ability of the model and in risk reclassification.
At first glance, these findings are in apparent contrast to a recent study by our group that demonstrated no incremental value of CCTA findings to models containing CAD risk factors and CACS alone in 7590 individuals [17] . This prior study, however, included a heterogeneous group of asymptomatic individuals referred for CCTA, and did not assess potentially higher risk subsets -such as those with diabetes -which comprised only 14.6% of the study population. The present study was performed to determine whether the presence of diabetes in asymptomatic individuals requires a heightened sense of scrutiny that may be imparted by the performance of CCTA.
Given the increased risk of CHD events among patients with diabetes with coronary atherosclerosis, societal guidelines advocate for vigilant evaluation and secondary prevention measures in this population [2] . In this study, we noted by CCTA a high prevalence of CAD in asymptomatic diabetic individuals, with more than one-fourth possessing obstructive CAD and more than two-thirds possessing atherosclerosis. Prior studies examining asymptomatic individuals with diabetes have not identified an improvement in outcomes based upon an imaged-based screening strategy. In the sole randomized trial to date evaluating 1123 asymptomatic diabetes, the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study observed no reduced hazards of CHD events amongst patients undergoing prospective evaluation by myocardial perfusion single photon emission computed tomography (MPS) vs. no screening test [14] . In this study, however, almost 80% of patients randomized to the MPS arm manifested no physiologic evidence of ischemic CAD and experienced very low rates of adverse cardiac events. In contrast, the present study observed significantly higher rates of visualized CAD by CCTA, both at the anatomically obstructive and non-obstructive thresholds. As greater detection of preclinical disease has been suggested as a criterion for an ideal screening test [18] , the present data may be considered hypothesis-generating for use of CCTA in this regard.
Several prior studies support the concept of CACS evaluation in asymptomatic diabetic individuals. In particular, one large study of 10,377 patients undergoing CACS and followed for an endpoint of 5-year all-cause mortality, a stepwise increase in risk of mortality was noted for diabetics compared to non-diabetics across all CACS groups, while diabetics with low or zero CACS conversely experienced a very favorable prognosis [19] . Importantly, nearly 40% of diabetics in that study exhibited a CACS of 0, a finding similar to a study by Anand and colleagues of 398 asymptomatic diabetics [20] as well as others. However, calcium represents only one component of plaque, and prior studies have reported a 6-20% prevalence of atherosclerosis in the absence of coronary calcification amongst generally symptomatic individuals with a low prevalence of diabetes [21] [22] [23] . Our study results found that nearly one third of asymptomatic diabetics with a CACS of zero indeed have atherosclerosis, and that over 10% of these individuals have obstructive CAD by CCTA. The prognostic implications of obstructive CAD by CCTA have been well examined in heterogeneous diabetic and non-diabetic cohorts [24] [25] [26] [27] [28] [29] , while our group has recently observed an increasing mortality risk for individuals even with non-obstructive CAD by CCTA, suggesting that the ability of CCTA to provide measures of risk stratification extend beyond that of conventional definitions of anatomically obstructive CAD [30] . In totality, these findings suggest that the consideration of CAD risk equivalent for all diabetics may not be uniformly applicable.
To our knowledge, the present results are the first to examine the ability of CCTA findings of CAD to improve risk stratification, discrimination and reclassification in asymptomatic individuals above and beyond risk factors and CACS. Particular to asymptomatic diabetic patients, we observed a significant improvement by CCTA findings of CAD for risk assessment and prognostication over models that incorporated clinical data and CACS. The present results were robust, and were observed using multiple measures of CAD severity including graded maximal stenosis severity, the number of vessels with obstructive CAD, and the segment stenosis score. Each of these scores was associated with improved hazards prediction and discrimination independent of CHD risk factors and CACS, with the number of vessels with obstructive CAD associated with the most robust improvement in prediction and risk reclassification. These findings suggest this metric as perhaps the most useful clinical method to identify risk in asymptomatic diabetics. Further, the magnitude of IDI index reclassification by adding CCTA to CACS and CHD risk factors exceeded the reclassification that was observed by adding CACS to CHD risk factors, suggesting that CCTA may have a potential role for better ascertainment of incident risk of CAD events. Nevertheless, the downstream clinical impact of CCTA and CACS findings in comparison to CACS was not evaluated in the current study. Future investigations evaluating the potential benefit of therapies based upon CCTA findings of CAD now appear warranted.
Germane to this finding, risk reclassification by CCTA findings of obstructive CAD resulted in a predominance of correct reclassification upwards to higher risk states, with a relatively negligible effect of downward reclassification. Significant reclassification using the number of obstructive vessels on CCTA was observed even amongst patients with a CACS of 0, suggesting that CCTA findings can correctly identify patients at increased risk even in this subgroup that has been conventionally considered at very low risk of adverse events [20] . Further, reclassification occurred across a wide range of CACS, and suggest a clinical usefulness irrespective of baseline CACS score. Importantly, however, it should be noted that the improvement in discrimination and reclassification is modest. Whether the use of CCTA for risk stratification is clinically useful and/or economically feasible remains a topic for further study.
This study is not without limitations. Importantly, while this is a prospective multicenter cohort study, these results were observed for individuals who were clinically referred for CCTA and CACS and thus are subject to all of the potential limitations intrinsic to observational design, including ascertainment, referral and treatment bias. Regarding the latter, treatment strategies were not specified based on test findings, and the results herein should be considered as a manifestation of usual medical care rather than intensified or optimal care. Yet intensified or optimal treatment of patients with CCTA CAD would likely have reduced any apparent disparity in risk between diabetic individuals with increasing extent and severity of CAD and thus, the study results may be still considered robust and generalizable. Future randomized trials should be performed to determine the potential benefit of CCTA findings in therapeutic decision making to optimize salutary outcomes. Further, there were a relatively small number of MACE which precluded adjustment for all possible confounders and, were greater numbers to be present in the study sample, generally more consistent results may be arisen (e.g., improved IDI across all CACS subgroups). By the present data, the 'number needed to scan' to identify or exclude obstructive coronary vessels is 46. Whether this translates to improved outcomes remains unknown and future larger studies will be with larger sample sizes are needed to more clearly determine the added benefit of CCTA performance in this population. Nevertheless, the present study represents the largest investigation to date evaluating in asymptomatic diabetic patients, and encourage the performance of larger prospective studies.
Conclusion
In this prospective multicenter international observational cohort study, CCTA findings improved the prediction of incident MACE in asymptomatic diabetic individuals beyond CHD risk factors and CACS, allowing for improved risk stratification, discrimination and reclassification. Reclassification by the number of vessels with obstructive CAD as stratified by the coronary artery calcium score. Reclassification is defined by the integrated discrimination improvement (IDI) index for patients stratified by coronary artery calcium score. The box represents the value, and the vertical bars represent the 95% confidence interval. Table 3 Relationship between variables and adverse events. Table 4 Effect of variables on model prediction accuracy and risk reclassification.
Model
Included variables IDI index (95% CI) p Model prediction (C-index)
Model Age is in years. Maximal stenosis is graded as absent, mild (1-49%), moderate (50-69%), and severe (≥70%) luminal stenosis. The number of obstructive arteries represents the number of arteries with stenosis ≥50%. CACS = coronary artery calcium score, CI = confidence interval, HR = hazards ratio, IDI = integrated discrimination improvement, SSS = segment stenosis score.
